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1 Introduction 
 
This graduate study was done for the Helsinki Metropolia University of Applied Scienc-
es’ Concept City Car Project. The Concept City Car Project was initiated by TEKES, the 
Finnish Funding Agency for Technology and Innovation, for the aim of designing and 
producing a practical, premium class and relatively small car for urban environments 
while emphasizing the use of bio composites and bio fuel. A car designed with sustain-
able development in mind. The project started in fall 2010 as a part of a CDIO-project 
course in which the students were to come up with car concepts for different customer 
types, their lifestyles and needs. The customer then proceeded to choose one of the 
concepts. But due to the customer’s dissatisfaction, the initial concepts were scrapped 
and new ones were planned. Later, two new concepts were created and from them, 
one concept was chosen to be the basis for the actual city car. A design goal was set 
to have a hybrid composite monocoque body, using bio and carbon fibre. The reason 
for this is to highlight green values and to search for new applications and uses for bio-
composites. 
 
1.1 Goals 
 
The aim of this graduate study is to design and produce the mould frames and moulds 
for the composite body parts of the Concept City Car, the main focus being on the 
supporting structures of the vehicle. The mould designs are based on the CAD surface 
models done for another graduate study. Another goal is to try different laminating 
techniques on the finished moulds; the laminating techniques being pre-preg and vac-
uum injection. 
 
1.2 Why Green Values? 
 
In future motoring has to be more and more environmentally friendly regarding the 
production and the usage of automobiles. At the moment the main focus is set on re-
cyclability. A good example of this is a directive which took effect in the year 2000, 
which determines that at least 95% of the parts of a car have to be recyclable by the 
year 2015. In reality, only 25-40% of the parts are made from recycled or renewable 
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materials. In future the main challenge for the automotive industry will be the increas-
ing use of said materials. In regards to the usage of automobiles, regulation has al-
ready forced the use of recycled and renewable fuels, also known as biofuels. 
 
As the environmental awareness is increasing, the automotive industry has woken up 
to study the carbon footprint of the total lifespan of a car. According to them, a car’s 
production carbon footprint is about 5-10% from its total carbon footprint. Renault has 
announced that, in the cars that they produce, the average carbon footprint from the 
production and the delivery is about 6,6 tonnes. If a car produces 167 grams of carbon 
dioxide per kilometre and the car is driven 15 000 kilometres annually for 10 years, 
then the carbon footprint from the usage of a car can be approximated to 25 tonnes. 
Using these calculations, the carbon footprint is about 20% from the total carbon foot-
print of a car. Regardless of the differences in the results, both values indicate that the 
biggest portion of the motoring carbon footprint comes from the usage; from the fuel 
consumption. Considerable improvements can be made in fuel consumption by devel-
oping engine technology. One other important factor in reducing fuel consumption is 
the weight of the automobile. Therefore the growing trend in automotive industry is to 
reduce the mass by focusing on light and environmentally friendly construction tech-
niques. [1;2] 
 
2 Theoretical Framework 
 
This chapter describes the theoretical background of the study. A brief description of 
moulds in general is given and the different kinds of moulding techniques are intro-
duced. Also, information about the materials used in the making of the moulds and the 
laminated parts is given, as well as about the manufacturing processes used in this 
study. 
 
2.1 Moulds 
 
A mould is a block, or a series of blocks, fashioned into a wanted shape and then used 
to make a part by either making a cast, by filling it with a liquid like material and then 
the material will set in the mould, adopting the shape of the mould in the process, the 
3 
 
material can vary from molten metal to glass, or by laminating on it, commonly using 
plastics, wood or fibre-reinforced composite materials.  
 
There are many kinds of different moulding techniques, all designed for a specific pur-
pose and materials. Some of the techniques being vacuum forming, blow forming, 
compression moulding, injection moulding and laminating, to name but a few. For this 
graduate study the focus in on the laminating techniques. The laminating techniques 
used are pre-preg and vacuum injection laminating.  
 
2.2 Materials 
 
The fibre-reinforced composite materials used in this project are carbon fibre and bio 
fibre. Both of them have their own unique material properties. Carbon fibre has a high 
strength-to-weight ratio and good rigidity, making it optimal for supporting body struc-
tures under high stresses. Bio fibre has the advantage of reduced need of plastics, less 
plastic waste, a more environmentally friendly solution, and in some cases the mechan-
ical properties of a structure can be improved with the use of bio fibres. [3] 
 
A composite material is a combination of two materials, with its own distinctive 
properties. Its strength or other desirable quality is better or very different from 
either of its components working alone. The principal attraction of composite 
materials is that they are lighter, stiffer and stronger than most other structural 
materials. They were developed to meet the severe demands of supersonic 
flight, space exploration and deep water applications but are now used in general 
engineering including automotive applications. Composite materials imitate na-
ture. Wood is a composite of cellulose and lignin; cellulose fibres are strong in 
tension but flexible and lignin acts to cement the fibres together to create a ma-
terial with stiffness. Man-made composites achieve similar results by combining 
strong fibres such as carbon or glass, in a softer matrix such as epoxy or polyes-
ter resin. [4] 
 
A variety of mould block materials had to be used depending on the size of the struc-
ture, to reduce the production costs alternative material solutions had to be used for 
bigger moulds, the fibre and adhesive materials used for the structure in question, be-
cause different materials required different temperatures for the hardening process. 
For example the moulds that are designed for pre-preg require higher temperatures for 
hardening, thus the material has to be chosen according to its properties so that it can 
withstand the needed temperatures without deforming.  
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For this project, polyurethane and SikaBlock M650 were the materials of choice for the 
pre-preg parts, polyurethane for the larger moulds and SikaBlock for the smaller ones. 
Both of which can withstand the temperature of 80 degrees centigrade needed for the 
hardening process without softening, starts releasing gasses or deforming. Styrofoam 
and polyurethane were mostly used for the vacuum injection parts, because the manu-
facturing temperatures are much lower than for example pre-preg, therefore even 
Styrofoam is sufficient. The initial hardening happens in room temperatures and the 
final hardening in 50 degrees centigrade. Styrofoam cannot withstand the 80 degrees 
centigrade heat required for the hardening process of the pre-preg parts, thus it will 
start to soften and releasing gas, which makes the composite porous, weakening the 
structure. 
 
2.3 Manufacturing Processes 
 
A laminate is a material that can be constructed by uniting two or more layers of mate-
rial together. The process of creating a laminate is lamination, which in common par-
lance refers to the placing of something between layers of plastic and gluing them with 
heat, pressure and an adhesive. 
 
 
Figure 1. An illustration of a laminated glass, there is a plastic film in between two sheets of 
glass [5] 
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There are different lamination processes, depending on the type of materials to be 
laminated. The materials used in laminates can be the same or different, depending on 
the processes and the object to be laminated. An example of the type of laminate us-
ing different materials would be the application of a layer of plastic film on either side 
of a sheet of glass, which is a technique used to make vehicle windshields (cf. Figure 
1). 
 
3 Project Description 
 
This chapter describes what was done in this graduate study, the goals and the differ-
ent designing phases leading to the goals, what had to be taken into consideration 
during the said phases and also the manufacturing processes used. 
 
 
3.1 Separable Mould Frame 
 
The design and the sheer size of the side panels (cf. Figure 2) makes it necessary to 
use a separable mould, a mould consisting of two parts. A frame had to be designed so 
that the separation would be possible and that the frame would be stiff enough to 
keep its shape to keep the production quality satisfactory. Otherwise there could be 
problems while assembling the monocoque body, if the finished body panels would be 
too deformed. The bigger challenges with the frame design were to optimize the size 
of the frame to be large enough to house the mould blocks, but small enough to fit 
into the oven where the curing of the resin happens, also designing it in such a way 
that it would be as easy as possible to mount the mould blocks in place. 
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Figure 2. Side panel with added flanges 
 
The designing of the mould frame began from a simple wireframe model (cf. Figure 3) 
to set the approximate size of the frame. The basic idea was to have a frame that cre-
ates flat planes following the shape of the body panels so that the mould blocks can be 
mounted on them. This is necessary because the polyurethane blocks are not flexible. 
Once the initial approximation was done, the modelling of the actual frame began.  
 
Figure 3. Initial wireframe model 
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The size of the rectangular profile steel tubes used to build the frame was set to 
40x40mm and the thickness of the plywood panels, which will work as the base for the 
mould blocks, to 15mm. With this information an initial design was created (cf. Figure 
4).  
 
 
Figure 4. Initial frame design 
 
This design was deemed too complex for the actual manufacturing process, so the 
next step was to simplify it while keeping in mind how easily it could be manufactured 
and also how many mould blocks would have to be used in the manufacturing stage, 
to keep the manufacturing costs as low as possible.  
 
The next design (cf. Figures 5,6) was made less angular and also the spots with multi-
ple cut angles were removed to simplify the manufacturing process. Although this in-
creased the number of blocks needed, the change was necessary to make the manu-
facturing of the frame possible. 
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Figure 5. Final side frame design with plywood panels 
 
 
Figure 6. Side panel, with the cutting lines and the calibration points, inside the frame 
 
This design was sent to Scan Mould to get their approval on the design. Once the ap-
proval was received, the manufacturing process began and an approximation was 
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made for the amount of polyurethane blocks and SC 175 Epoxy extrudable paste 
needed for the moulds. The finished mould frames were delivered to Scan Mould and 
the assembling of the mould blocks was performed there.   
 
The blocks will then get rough machined into the correct shape; the roughing is done 
in such a manner that the machining will be done deeper than where the surface of 
the actual part should be. The reason for this is that a special epoxy paste will be ap-
plied on the roughed stock, which will get roughed and fine machined after to get a 
good surface quality for the actual laminating process. Before the paste is applied, a 
layer of fiberglass will be applied and laminated on the rough stock. This is done to 
ensure the will keep its shape and it will stick to the rough stock. In the figure below 
(cf. Figure 7), one can see in principle how the different layers are stacked on one an-
other. 
 
 
Figure 7. The different layers of the mould 
 
The same procedure is also done for the other bigger moulds that do not have a spe-
cial mould frame, although the block material may vary. 
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3.2 Mould Designing 
 
The mould designing process began by dividing the body structure parts depending on 
where the moulds were supposed to be machined. Machining is the process of physi-
cally removing material from a block of material utilizing power-driven machine tools 
such as saws, milling machines and drill presses to achieve a desired geometry. Ma-
chining is a part of the manufacturing process of many metal products, but it can also 
be used on materials such as wood, plastic, ceramic and composites. The machines 
used for this project are automate milling machines called CNC machines, the word 
CNC coming from the words computer numerical control. The machines are automated 
using CAD, computer-aided design, and CAM, computer-aided manufacturing. CAM 
being the program that produces the computer files which contain the machining path 
information. The information is then fed to the computer controlling the milling ma-
chine. Then the machine will execute the commands and machine the part in the given 
fashion. Machining can also be done with a manual milling machine (cf. Figure 8), but 
due to the complexity of the design, a CNC machine had to be used.  
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Figure 8. A manual milling machine [5] 
 
The moulds for the smaller body structures were machined at the Metropolia University 
of Applied Sciences’ Tikkurila’s industrial design campus. The CNC milling machine at 
Tikkurila campus has 3-axis of movement, y-axis for diagonal movement, x-axis for 
lateral movement and z-axis for vertical movement. The moulds machined at Tikkurila 
were the supporting roof and floor beams of the vehicle. 
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Figure 9. 3-axis CNC machine [6] 
 
The moulds for the larger and more complex body structures were machined at a 
company called Scan Mould which is situated in the city of Pietarsaari. Scan mould is 
one of the few subcontractors in Finland doing this kind of machining. The CNC milling 
machine at Scan Mould has 5-axis of movement, allowing it to rotate the tool in an 
angle, making it possible to machine more complex shapes, which would be impossible 
to make with a 3-axis machine. The moulds machined at Scan Mould were the inner 
and outer side panels, the bulkhead, the floor and the supporting beam for the rear 
compartment. 
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Figure 10. An illustration of a 5-axis CNC machine [7] 
 
The mould designs themselves were based on the surface models done, for another 
graduate study, for the Concept City Car Project. The premade models had to be 
checked and fixed for any anomalies that could be present to make the model unsuited 
for the mould design, namely any shape or form that would make the removal of the 
part from the mould impossible (cf. Figure 11).  
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Figure 11. An example where the finished part would get stuck in the mould (the laminated part 
is in grey and the mould is in black) 
 
A few other things that had to be done were to add the needed changes to the original 
model to suit our laminating purposes and the machining of the moulds as well. One of 
the changes being the addition of flanges to the original design. That means continuing 
of the surface tangentially along the edges of the model to give the part some extra 
laminating surface. This is done to make sure that the finished product has the same 
integrity all around. The reason for this is that the fibre fabric tends to unravel from 
the edges, making the structure weaker compared to the uniform structure in the mid-
dle. The design could be made without flanges if special made edge fabric were used, 
so that the laminating work can be made directly on to the edge of the part. This pro-
cess requires an autoclave so it was decided not to use it in this project. 
 
There were some differences with the addition of flanges. The smaller moulds have a 
smaller offset of the flange than the bigger moulds. The offset for the smaller moulds 
was set to around 20mm and from 60 to 100mm for the bigger ones (cf. Figure 12), 
the bigger moulds being more complex. The flange is there also to allow a more pre-
cise cut and therefore a better manufacturing quality for the edge of the part. 
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Figure 12. Before and after pictures, after flanges have been added 
 
The next step was to round the sharp edges from the original models (cf. Figure 13). 
This is done to make the machining quality better. If a ball-headed tool is being used, 
the rounding happens no matter if the model has the roundings or not. Although, do-
ing it this way will make the tool vibrate more and the quality will be worse than it 
would be if the rounding had been added during the design stage. The rounding was 
done with CATIA’s shape fillet tool, with the same radius as the ball-headed tool being 
used for the machining. In some cases the shape of the edges were too complex to 
use CATIA’s own rounding tool, so the area around the edge had to be cut out, to get 
the same approximate radius as the tool and then adding the rounded corner manual-
ly. Usually there is no difference whether to add the fillets first or the flanges. Some-
times it is easier to do the other first and sometimes it is not.  
 
 
Figure 13. Before and after pictures, after shape fillet has been applied 
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For the moulds machined in Tikkurila, the mould blanks had to be modelled as well. 
The creation of the machining paths demanded it. The milling machine at Tikkurila 
campus has some limitations for the size of the blank that can be machined at one 
time, namely the z-axis being the limiting factor. It is not recommended to machine 
parts over 150mm high, because of the length of the tool and the limited movement 
area of the axis. So in some cases the blanks had to be designed to be machined in 
two, or even three pieces, and then later attached to each other. If a mould has to be 
machined in multiple pieces, additional calibration holes have to be added to the de-
sign so that the mould surfaces will be continuous. 
 
 
Figure 14. An example of a finished mould model for a floor cross beam. 
 
The blocks used come in two different sizes, the length and width being the same, 
1500x500mm, but in two different heights, 100mm and 50mm. To achieve the limit 
height of 150mm, one 100mm and one 50mm block has to be glue together. The de-
sign of the blanks was done with the dimensions in mind, to lower the use of excess 
material and thus lowering the production costs. So depending on the size of the origi-
nal surface model, namely the height of the model, it is required to check from how 
many pieces the mould has to be machined. The easiest way to do this is to use the 
side profile of the model and see how high the part is (cf. Figure 15), and is it possible 
to machine it from one piece. 
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Figure 15. Fitting of the floor cross beam to the dimensions of the mould blank (side profile) 
 
Once the size and the number of mould parts have been determined, the mould blanks 
will be modelled around the models with the flanges and fillets. In the figure below (cf. 
Figure 16), one can see a finished mould model which is done from two different parts, 
the line separating the parts can be seen in the middle, splitting the individual parts. 
Also, one can see the holes in each corner that are used to focus the parts in relation 
to one another to get a clean fit.  
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Figure 16. An example of a two piece mould (the holes, to set the mould halves firmly together, 
can be seen in each corner) 
 
For the bigger moulds, only the flanges had to be added, because the machining was 
tasked for Scan Mould, and they would make the machining paths by themselves. Bu 
the actual part had to be marked without the flanges so that when the mould gets ma-
chined, a small groove will be machined around the actual part, making it easier to cut 
the flanges and getting the right sized part from the finished laminated structure. Also 
calibration points had to be marked alongside the larger parts, on the surfaces without 
sharp corners, so that the vehicle body assembly would be easier, getting the laminat-
ed parts in the right place. In the figures below (cf. Figures 17,18), One can see both 
the inner and the outer side panels with the cutting lines, in white, the flanges extrud-
ing from the cutting lines and also the calibration points, the cross marks alongside the 
surfaces. 
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Figure 17. Finished outer side panel with calibration points and cutting lines. 
 
 
Figure 18. Finished inner side panel with calibration points and cutting lines. 
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The original floor model had to be cut to make room for the inserts. The shape of the 
floor was too complex to be made out of single mould. The mould would have gotten 
stuck in the mould without the inserts. The figure below (cf. Figure 19) shows the indi-
vidual inserts, in different colours, and the floor mould part itself with the calibration 
marks, flanges and cutting lines. 
 
 
Figure 19. Floor-insert assembly with calibration points and cutting lines, the inserts are in dif-
ferent colour than the rest of the floor. 
 
More information about the inserts is given in the next chapter, why are they used in 
the design and how will they enable the separation of the part from the mould. 
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3.3 Inserts 
 
If there are areas in the part design that make it impossible to take the part out of the 
mould, the problem may be solved by adding inserts to the design. An insert is a sepa-
rate mould part that will be loosely connected to the actual mould block, enabling an 
easy separation from the block. When the laminated part is taken out from the mould, 
the inserts will be separated from the block along with the laminated part, and the 
inserts will separated from it afterwards. After that the inserts are ready to be used 
again.  
 
This technique was used for the floor part of the car. The rear fenders and the corners 
next to the fenders had to be done with inserts. Otherwise the mould block would have 
to be destroyed to get the finished part out. The individual inserts can be seen in the 
figure below (cf. Figure 20), the rear fender insert is on the right and the corner insert 
is on the left. 
 
 
Figure 20. Right-hand side inserts separately with cutting lines 
 
The inserts themselves had to be machined separately at Scan Mould, because the 
pieces were too complex for a 3-axis CNC machine. 
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3.4 Creating Machining Paths 
 
Because the smaller moulds were machined at Metropolia UAS and not by a company, 
the machining paths had to be created. For that purpose, Catia V5R20 has an add-on 
called Catia CAM, Computer Aided Machining, which is designed for the purpose of 
creating said paths. The program itself has all the tools needed for roughing and finish-
ing. But, only a few tools were needed for the parts used in this project, the mostly 
used tools being roughing and sweeping. The figure below (cf. Figure 21) shows the 
main window of the Catia CAM module, the tree for the machining operations, different 
parts and resources; and the tools for different machining operations. 
 
 
Figure 21. Catia CAM module 
 
The Catia CAM module has a tree on the left side of the screen that shows the differ-
ent machining operations tasked for the said part under the process tab, in this case, 
in the preceding figure, a roughing and a sweeping operation. These operations will be 
explained later in this chapter. Under the Product List one can find the individual parts 
used in the machining process, in this case, the model of the mould and the stock that 
will imitate the material block used for the machining of the actual part. Under the Re-
source List one can find the milling machine and the cutting tool(s) used for the ma-
chining. The toolbar on the right has all the different tools needed for different machin-
ing operations, whether it be roughing, sweeping or drilling.  
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For roughing, the machining offset is set to 0,5mm, so that there will be some excess 
material needed for the finishing. The offset means that the machine will not cut closer 
than 0,5mm to the actual part surface. Roughing is the stage in which the machine 
removes most of the excess material as fast as possible, making the outcome very 
rough. The cut-depth and speed varies depending on the material, but for SikaBlock 
M650 the cut-depth can be set to 10mm, rotation speed to 18000 r/min and cutting 
speed to 2400 mm/min. Therefore the machine can remove a lot of material in a very 
little time without excessive amount of vibration. If the configurations are too high for 
a material, there is a risk of breaking the milling tool. The figure below (cf. Figure 22) 
shows the mould stock after the roughing simulation is complete. The simulation 
shows the complete roughing sequence, the tool paths, so the user can check for any 
anomalies or errors, so that they will not happen when the actual part is machined. It 
can also be used for fine tuning the settings so that the roughing could be done faster.  
 
 
Figure 22. Mould stock after roughing simulation 
 
For finishing, the machining offset is set to 0mm, so that the size of the mould will be 
correct and so that the finish will be clean. The Catia CAM tools used for finishing were 
mostly sweeping and z-level. Sweeping has a variety of tool paths that it can create, 
but for beams the best way to get a good surface quality was to use a zigzag pattern 
across the beam surface. Because of the fact that the machining tool makes a better 
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finish when it is moving cross the slope and not alongside with it, if it goes alongside, 
small steps will be created on the slope,  because of the set cut depth and of course 
depending on what kind of milling tool is being used. In the figure below (cf. Figure 
23), one can see the results of a sweeping simulation. The results can be used for fine 
tuning for either changing the machining direction or using a different finishing opera-
tion to get a better surface quality. 
 
 
Figure 23. Mould stock after sweeping simulation 
 
In some cases, because the beams are not just simple, straight and uniform surfaces, 
small steps would be created on the surface of the slope, but there are ways to get 
around it, either making another sweeping in the opposite direction or just grinding 
them off with sandpaper. Z-level is another tool for finishing. It is a tool that sweeps 
around the part one layer at a time, starting from the top and finishing at the bottom. 
The height of the step can be adjusted to make a better quality finish, but the machin-
ing time will increase as the machining quality is set higher. 
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3.5 Machining 
 
The machining of the smaller moulds was done at Metropolia University of Applied Sci-
ence’s Tikkurila campus. The block material used for machining was SikaBlock M650, 
which is polyurethane. It is much denser than the polyurethane used for the bigger 
moulds. The machining process started by selecting the right sized stock block for the 
part getting machined. The stock will be cut into the right size and then it will be at-
tached to the machining table with double-sided adhesive tape. The tape is sufficient 
to hold the stock in place for this kind of material. Then the CNC machine will have to 
be calibrated according to the position of the stock. The tool will be moved to the up-
per right corner of the stock and that point will be the zero point for x and y-axis.  
The z-axis will be calibrated using a special tool that will be laid on the machining table 
and then the tool is slowly lowered on it. That way the machine will know the height of 
the table. After the calibration, the machining path information is fed to the computer 
controlling the CNC machine and the position of the tool will be double checked relat-
ing to the machining paths. If everything seems to be in order, the machine is set on. 
It is usually a good thing to supervise the beginning of the machining, to check if the 
tool will meet the stock in the right spot, and if it will start doing the correct path. It is 
recommended to do the approach of the tool with lowered tool speed to ensure that 
nothing goes wrong. 
 
3.6 Laminating 
 
Pre-preg, pre-impregnated, also called the dry layup method, is a term used for a fi-
bre-reinforced composite material, where the adhesive, namely epoxy, is already pre-
sent in the fibre fabric. The pre-preg materials are mostly stored in cooled areas be-
cause of the fact that the hardening process of the adhesive is usually done by heat. 
Hence, the structures made using this technique require an oven. The pre-preg fibre 
material used in this project is carbon fibre and the moulding technique used is vacu-
um bagging. This kind of moulding is well suited for relatively low production output 
and when only a few copies are needed.  
 
The process of pre-preg laminating starts with the application of the release agent on 
the mould, so that the finished product will not stick to the mould. Then the pre-
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impregnated carbon fibre fabric will be laid on the mould in such a way that the fabric 
will follow the shape of the mould, sometimes the fabric has to be cut in order to get 
the fabric to follow certain shapes and then extra fabric needs to be applied in order to 
fill in the gaps. Usually the next step would be the adding of resin into the fabric, but 
since the fabric is already impregnated with resin, this step is unnecessary. The as-
sembly is then placed in a vacuum bag to cure. The vacuum bag is needed to keep the 
fabric pressed on the mould, to keep the right shape, and also removing all the small 
air bubbles in the material that would reduce the strength of the structure. Then the 
vacuum bag is placed in an oven to cure. The curing process of the pre-preg material 
used in this project needs the temperature of 80 degrees centigrade and it has to stay 
in that temperature for a time depending on the size and the thickness of the part. The 
dry layup method has the least amount of resin waste and can achieve lighter con-
structions than wet layup, wet layup meaning that the fabric and resin are added sepa-
rately. In the figure below (cf. Figure 24), one can see the process of laying pre-preg 
carbon fibre fabric on a finished mould.    
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Figure 24. The laying of pre-preg carbon fibre fabric on a mould 
 
In the figure below (cf. Figure 25), one can see the different stages of laying pre-preg 
carbon fibre on a mould. In the first stage, a certain number of layers are applied in a 
zero angle, meaning that the carbon fibre weave is applied in a way that it is aligned 
with the mould, and strands of carbon fibre threads are applied in between each layer, 
which can be seen in the figure as black dots between the layers, this is done to ease 
the flow of resin within the layers. In the second stage, the mould is vacuum bagged, 
can be seen as the green line surrounding the mould and the carbon fibre layers in the 
second figure, and the layers are pressed against the mould to remove all the air from 
between the layers. In the third stage, another set of layers are added but this time in 
a different angle, usually in a 90 degree angle, sometimes in a 45 degree angle, to 
make the structure stronger in every direction. After the third stage, the stage 2 is re-
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peated and if necessary, more layers are added, but this time again in a zero angle. 
When the required thickness is achieved, the mould is then vacuum bagged and put in 
an oven to cure. 
 
Figure 25. A diagram illustrating how the fabric layers are laid on the mould 
 
The wet layup method used in this project is called vacuum injection. It is a technique 
where one has the fibre fabric and the resin separately. This process needs a vacuum 
bag with two hoses going into it, one hose for the vacuum pump and a second one for 
the resin to flow into the bag. The preliminary moulding works just like with the pre-
preg parts. The release agent is added on the surface of the mould. The fabric material 
is then set on to the mould, but before the assembly is placed in a vacuum bag, the 
part itself and the vacuum and injection hoses (cf. Figure 26) have to be covered in a 
plastic web to allowing the flow of resin inside the vacuum bag. The resin is then 
sucked in a vacuum through the bag to remove all the air and getting an even spread 
of resin all over the fabric. Once the resin has been applied, the injection hose will be 
blocked so that the bag will keep its vacuum and therefor the fabric will keep its shape. 
The preliminary curing of the resin happens in room temperatures and once it is done, 
the part can be removed from the mould and then be cured completely in an oven in 
the temperature of 50 degree centigrade. 
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Figure 26. Rear door being vacuum injected, the plastic web is visible between the part and the 
bag 
 
This technique is good for parts that have large, planar and simple surfaces, because it 
is relatively easy to set the fibre material on such surfaces for smaller cost compared to 
pre-preg laminating. 
 
3.7 Measuring the moulds 
 
After the moulds had been used, they had to be measured to check if the moulds had 
kept their shape under the heat during the hardening process of the resin. To do this, 
a digitizer had to be used. The tool used was a Baces3D Portable measurement system 
(cf. Figure 27), which is designed for acquiring 3-dimensional measures, points and 
surfaces within its workspace with a simple manual movement of the user. The meas-
urement system is calibrated to work with Rhinoceros 3-D modelling software, from 
where the measurements can be imported directly into Catia V5 workspace, where the 
actual measurement comparison is done. 
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Figure 27. Baces3D portable measurement system [8] 
 
After the measuring was done, it was clear that the moulds that were used for pre-
preg parts had been deformed during the hardening process because of thermal ex-
pansion of the mould block material. The moulds had been curved and stretched in the 
oven, deforming the moulds even up to 6 millimetres from their intended length. The 
moulds that were used for vacuum injection retained their intended size, proving that 
the heat was the source of the deforming. Figure 28 shows a split view of a floor beam 
in its intended size with red lines illustrating how it has deformed. The part has grown  
in length and curved slightly. 
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Figure 28. A split view of a floor beam, red lines illustrating the deformations (not in scale) 
 
This particular part (cf. Figure 28), had grown almost 6 millimetres in length and the 
middle section had sunk for almost 3 millimetres lower than intended. 
 
4 Conclusion 
 
As this graduate study was initiated, the designing phase of the vehicle body was still 
in progress, neither the body strength calculations nor the design of the body were 
finalized, meaning there were nothing concrete that could have been worked on with-
out the need of modifications in a later stage, except the approximate size of the vehi-
cle’s body. This led to a large number of wasted work hours, when all the modified 
body parts had to be redone to fit the modified designs, sometimes even from scratch. 
Another major problem was the deadlines. The mould designs had to be done by a 
certain date to keep the production of the moulds alive; therefore some of the designs 
had to be rushed because the designs of the actual parts were finalized in the last mi-
nute. This led to some human errors; a couple of moulds were made incorrectly so that 
the laminated part grew in the opposite direction than it was supposed to. Otherwise 
the designs were a success. The moulds were machined and treated for the lamination 
process and none of the actual laminated parts got stuck in the moulds. So the moulds 
fulfilled their purpose, although the designs could have been improved given more 
time. Still, there were some problems with the polyurethane used for the pre-preg 
moulds. The heat of the oven deformed the moulds slightly, due to thermal expansion, 
curving and stretching them. This was an unforeseen contingency, since the material 
was supposed to withstand the temperature used for the curing process. Some of the 
moulds had deformed more than the others. For some parts it didn’t cause any prob-
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lems since they could be modified slightly, but for those that couldn’t, it caused bigger 
problems, such as replacing sections of a finished laminated structure to fix the defor-
mation issue. 
 
As for the mould frame, the whole designing process took a lot of time and effort, as 
there were a lot of limitations that had to be considered. The biggest limitation being 
the size, the frame had to fit in the oven used for the curing process of the epoxy and 
also be big enough to have room for the CNC machine to work. Another limitation was 
the shape, flat planes were needed so the polyurethane blocks could be attached and 
have a shape that requires the least amount of blocks. Also, the fact that the frame 
had to be separable into two pieces to make the removal of the finished part possible. 
During the designing phase the first two designs were discarded, because they were 
deemed too complex. The third design seemed to be functional, the frame was easy to 
build and the planes for the blocks were quite large, but when it came to the assem-
bling of the polyurethane blocks, it no longer seemed so functional. The polyurethane 
was quite hard to work with, especially with the given tools. It was impossible to cre-
ate the right sized pieces for the assembly and even if one succeeded, it was even 
harder to get the piece in the same place when it was getting glued in place. The as-
sembling of the frame really showed the design flaws. The frame should have been 
designed to be more like a box, with only a few surfaces. This way the frame would 
have required a lot more of polyurethane blocks, making it more expensive, but at the 
same time making it more functional and the assembling of the blocks would have 
been a lot easier. The functionality of the finished frame will not be analysed in this 
graduate study because the mould will not get machined until fall 2012. 
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